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Plastic  optical  cable 
A  plastic  optical  cable  coi 
d  proiective  layer  made  of  an  ester  type  thermoplastic tomer,  which  has  low  degree  of  thermal  shrinkage  and attenuation  of  light  transmission  even  at  hiqh  tem- ture. 
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PLASTIC  OPTICAL  CABLE 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  o p t i c a l   c a b l e  

made  of  p l a s t i c s   ( h e r e i n a f t e r   r e f e r r e d   to  as  " p l a s t i c   o p t i -  

ca l   c a b l e " ) .  

H i t h e r t o ,   o p t i c a l   f i b e r s   made  f rom  i n o r g a n i c   g l a s s  

are   known  and  w i d e l y   u s e d   as  o p t i c a l   si  g n a l -   t r a n s m i   t t i n g  

m e d i u m s .   They  a r e ,   h o w e v e r ,   p o o r   in  p r o c e s s a b i l i t y   and  w e a k  

a g a i n s t   f l e x u r a l   s t r e s s .   Due  to  t h e s e   d r a w b a c k s   of  t h e  

g l a s s   o p t i c a l   f i b e r s ,   a t t e m p t   has  been   made  to  d e v e l o p   a n  

o p t i c a l   f i b e r   made  of  a  p l a s t i c   ( h e r e i n a f t e r   r e f e r r e d   to  a s  

" p l a s t i c   o p t i c a l   f i b e r " ) .   As  the   p l a s t i c   o p t i c a l   f i b e r ,  

t h e r e   is  known  a  p l a s t i c   f i b e r   c o m p r i s i n g   a  c o r e   made  of  a  

p o l y m e r   h a v i n g   a  c o m p a r a t i v e l y   l a r g e   r e f r a c t i v e   i n d e x   a n d  

good  l i g h t   t r a n s m i s s i o n   ( e . g .   m e t h a c r y l i c   p o l y m e r s   a n d  

s t y r e n e   b a s e   p o l y m e r s )   and  a  c l a d d i n g   made  of  a  t r a n s p a r e n t  

p o l y m e r   h a v i n g   a  s m a l l e r   r e f r a c t i v e   i n d e x   t h a n   t h a t   of  t h e  

c o r e   ( e . g .   f l u o r i n e - c o n t a i n i n g   p o l y m e r s )   ( h e r e i n a f t e r  

r e f e r r e d   to  as  " b a r e   f i b e r " ) .   The  c o n v e n t i o n a l   p l a s t i c  

o p t i c a l   f i b e r   has  s t i l l   i n s u f f i c i e n t   h e a t   r e s i s t a n c e   so  t h a t  

i t s   a p p l i c a t i o n s   have  been   l i m i t e d .  

In  view  of  the  above   c i r c u m s t a n c e s ,   we  have  p r o p o -  

sed  an  o p t i c a l   f i b e r   w i t h   good  h e a t   r e s i s t a n c e   and  l i g h t  

t r a n s m i s s i o n   w h i c h   c o m p r i s e s   a  c o r e   made  of  a  p o l y m e r  
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: o m p r i s i n g   m e t h y l   m e t h a c r y l a t e   c o n t a i n i n g   j  to  iu  >  Dy 

/ e i g h t   of  a  m e t h a c r y l i c   e s t e r   t h e   e s t e r   m o i e t y   of  w h i c h   has  an  

i l i c y c l i c   h y d r o c a r b o n   g r o u p   of  8  or  more  c a r b o n   a t o m s   and  a 

c l a d d i n g   made  of  a  t r a n s p a r e n t   r e s i n   or  a  f l u o r o r u b b e r   h a v -  

ing  a  r e f r a c t i v e   i n d e x   a t   l e a s t   3  %  s m a l l e r   t h a n   t h a t   of  t h e  

sore   p o l y m e r   ( c f .   E P - A - 9 7 3 2 5 )   . 

For   t he   p u r p o s e   of  a p p l y i n g   t he   b a r e   f i b e r   of  t h e  

o p t i c a l   f i b e r   c o m p r i s i n g   the   c o r e   and  the   c l a d d i n g   to  a n  

o p t i c a l   t r a n s m i s s i o n   s y s t e m ,   i t   is   n e c e s s a r y   to  f a b r i c a t e   a n  

o p t i c a l   c a b l e   f rom  the   b a r e   f i b e r   by  c o a t i n g   i t   w i t h   a  

r e s i n ,   n a m e l y   by  f o r m i n g   a  p r o t e c t i v e   l a y e r   t h e r e o n .   As  a n  

e x a m p l e   of  t he   c a b l e   f a b r i c a t i o n   t e c h n i q u e s ,  

j p - A - 2 2 6 3 0 2 / 1   98H  p r o p o s e s  

c o a t i n g   of  t he   b a r e   f i b e r   w i t h   a  t h e r m o p l a s t i c   r e s i n   s u c h   a s  

p o l y v i n y l   c h l o r i d e   to  p r o d u c e   an  o p t i c a l   c a b l e   h a v i n g  

i m p r o v e d   h e a t   r e s i s t a n c e   and  m e c h a n i c a l   p r o p e r t i e s .  

H o w e v e r ,   s i n c e   the   o p t i c a l   c a b l e   c o a t e d   w i t h   t h e  

t h e r m o p l a s t i c   r e s i n   has  a  l a r g e   d e g r e e   of  t h e r m a l   s h r i n k a g e ,  

i t   s u f f e r s   f rom  d e c r e a s e   of  o p t i c a l   t r a n s m i s s i o n   due  t o  

t h e r m a l   s h r i n k a g e   when  i t   i s   i n s t a l l e d   in  or  n e a r   a  h o t  

p l a c e   s u c h   as  an  e n g i n e   room  of  an  a u t o m o b i l e   or  a  v e s s e l .  

T h u s ,   i t   l a c k s   r e l i a b i l i t y   in  p r a c t i c a l   use  and  is  n o t  

s a t i s f a c t o r y   as  a  p r a c t i c a l l y   u s a b l e   o p t i c a l   c a b l e .  
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One  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  

a  p l a s t i c   o p t i c a l   c a b l e   h a v i n g   good  m e c h a n i c a l   p r o p e r t i e s  

and  good  l i g h t   t r a n s m i s s i o n   even  at  h i g h   t e m p e r a t u r e ,   f o r  

e x a m p l e ,   at  80°C  or  h i g h e r .  

A n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  t o  

p r o v i d e   a  p l a s t i c   o p t i c a l   f i b e r   h a v i n g   a  s m a l l   d e g r e e   o f  

t h e r m a l   s h r i n k a g e .  

A  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  p l a s t i c   o p t i c a l   c a b l e   h a v i n g   good  w e a t h e r   r e s i s -  

t a n c e   and  c h e m i c a l   r e s i s t a n c e .  

T h e s e   and  o t h e r   o b j e c t s   a re   a c c o m p l i s h e d   by  a  

p l a s t i c   o p t i c a l   c a b l e   of  t h e   i n v e n t i o n   w h i c h   c o m p r i s e s   a 

c o r e   l a y e r ,   a  c l a d d i n g   l a y e r   and  a  p r o t e c t i v e   l a y e r   made  o f  

an  e s t e r   t y p e   t h e r m o p l a s t i c   e l a s t o m e r .  

C h a r a c t e r i s t i c s   of  the   p l a s t i c   o p t i c a l   c a b l e   o f  

the   p r e s e n t   i n v e n t i o n   r e s i d e   in  t h a t   i t   can  be  used   w i t h o u t  

s u b s t a n t i a l   d e c r e a s e   of  l i g h t   t r a n s m i s s i o n   at  a  h igh   t e m p e -  

r a t u r e ,   f o r   e x a m p l e ,   80°C  or  h i g h e r   at  w h i c h   the   c o n v e n t i o -  

nal   o p t i c a l   c a b l e   c a n n o t   be  u s e d ,   and  f u r t h e r   i t   has  g o o d  

m e c h a n i c a l   p r o p e r t i e s   s u c h   as  f l e x i b i l i t y ,   c h e m i c a l   r e s i s -  

t a n c e   and  w e a t h e r   r e s i s t a n c e .   A  d e g r e e   of  t h e r m a l   s h r i n k a g e  

of  t h e   o p t i c a l   c a b l e   of  t he   p r e s e n t   i n v e n t i o n   can  be  5  %  o r  

l e s s   a f t e r   b e i n g   dry   h e a t e d   at   120°C  f o r   240  h o u r s .   S u c h  

dry  h e a t i n g   is  c a r r i e d   ou t   by  p l a c i n g   the  o p t i c a l   c a b l e   in  a  

w a t e r - f r e e   a t m o s p h e r e   of  a  s u i t a b l e   g a s ,   u s u a l l y   a i r   u n d e r  
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a r b i t r a r y   p r e s s u r e   and  h e a t i n g   t he   a t m o s p h e r e   by  a  s u i t a b l e  

h e a t i n g   means   to  120°C  f o r   240  h o u r s .   When  the   o p t i c a l  

c a b l e   has  a  d e g r e e   of  t h e r m a l   s h r i n k a g e   of  l a r g e r   t h a n   5  %, 

the   o p t i c a l   t r a n s m i s s i o n   t e n d s   to  d e c r e a s e   or  c o n n e c t i o n   o f  

the   o p t i c a l   c a b l e   w i t h   a  c o n n e c t o r   f a i l s .   In  t h i s   c o n t e x t ,  

the   d e g r e e   of  t h e r m a l   s h r i n k a g e   (?)   is   c a l c u l a t e d   by  t h e  

f o l l o w i n g   e q u a t i o n :  

D e g r e e   of  t h e r m a l   s h r i n k a g e   (?)   = 

w n e r e i n   LQ  is   a  l e n g t h   of  t h e   o p t i c a l   c a b l e   b e f o r e   b e i n g   d r y  

h e a t e d   and  L  is   a  l e n g t h   of  the   o p t i c a l   c a b l e   a f t e r   b e i n g  

dry  h e a t e d .  

The  c o r e   l a y e r   of  the   o p t i c a l   c a b l e   may  be  made  o f  

a  m e t h a c r y l a t e   p o l y m e r   or  a  s t y r e n e   ba se   p o l y m e r .   P r e f e r r e d  

is  a  p o l y m e r   c o m p r i s i n g   m e t h y l   m e t h a c r y l a t e   c o n t a i n i n g   3  t o  

40  ?  by  w e i g h t   of  a  m e t h a c r y l i c   e s t e r   t he   e s t e r   m o i e t y   o f  

which  has  an  a l i c y c l i c   h y d r o c a r b o n   g r o u p   of  8  to  20  c a r b o n  

a toms   s i n c e   i t   has  a  h i g h   t h e r m a l   s t a b i l i t y .   The  m e t h a c r y -  

l a t e   e s t e r   t h e   e s t e r   m o i e t y   of  w h i c h   has   the  a l i c y c l i c  

h y d r o c a r b o n   g r o u p   h a v i n g   8  to  20  c a r b o n   a toms   may  be  p r e p a -  

red   by  e s t e r i f y i n g   m e t h a c r y l i c   a c i d   or  i t s   c h l o r i d e   w i t h   a n  

a l i c y c l i c   h y d r o c a r b o n   m o n o h y d r i c   a l c o h o l   ( n a m e l y   a  m o n o -  

h y d r i c   a l c o h o l   d e r i v e d   f rom  a  c o r r e s p o n d i n g   a l i c y c l i c   h y d r o -  

c a r b o n ) .   S p e c i f i c   e x a m p l e s   of  t he   m o n o h y d r i c   a l i c y c l i c  

a l c o h o l   a r e   2,  6 - d i m e t h y l c y c l o h e x a n o l   ,  b o r n e o l   ,  i s o b o r n e o l ,  

^ . - m e n t h o l ,   f e n c h y l   a l c o h o l ,   p - m e n t h a n o l - 2   ,  1  - a d a m a n t a n o l   , 
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j - m e i n y i -   i  - a a a m a n t a n o i   ,  3  ,  5 - d i m e t h y l -   1  - a d a m a n t a n o l   ,  t r i -  

c y c l o [ 5 , 2 , 1   , 0 2 ' 6 ] d e c a n - 8 - o l ,   and  t h e   l i k e .   S p e c i f i c   e x a m p l e  

of  c o r r e s p o n d i n g   m e t h a c r y l i c   e s t e r   a r e   f e n c h y l   m e t h a c r y l a t e ,  

f c - m e n t h y l   m e t h a c r y l a t e ,   b o r n y l   m e t h a c r y l a t e ,   i s o b o r n y l   m e t h -  

a c r y l a t e ,   1 - a d a m a n t y l   m e t h a c r y l a t e ,   3  ,  5 - d i m e t h y l -   1  - a d a m a n t y l  

m e t h a c r y l a t e ,   t r i c y c l o [ 5 ,   2,  1  , 0 2 ' 6 ] d e c - 8 - y l   m e t h a c r y l a t e ,   a n d  

the   l i k e .  

When  the   c o n t e n t   of  s a i d   m e t h a c r y l i c   e s t e r   i s   l e s s  

t h a n   3  %  by  w e i g h t ,   t h e   h e a t   r e s i s t a n c e   of  the   c o r e   is   n o t  

s u f f i c i e n t l y   i n c r e a s e d   a l t h o u g h   t he   c o r e   has  good  f l e x i -  

b i l i t y .   When  i t   i s   l a r g e r   t h a n   kO  %  by  w e i g h t ,   t he   f l e x i -  

b i l i t y   of  the  c o r e   i s   not   so  i m p r o v e d   a l t h o u g h   the   h e a t  

r e s i s t a n c e   is   i n c r e a s e d .   The  m e t h a c r y l i c   e s t e r   h a v i n g   t h e  

a l i c y c l i c   h y d r o c a r b o n   g r o u p   of  8  to  20  c a r b o n   a toms   in  i t s  

e s t e r   m o i e t y   has  l e s s   a t t e n u a t i o n   of  l i g h t   t r a n s m i s s i o n   t h a n  

t h a t   h a v i n g   an  a r o m a t i c   h y d r o c a r b o n   g r o u p   in  i t s   e s t e r  

m o i e t y   so  t h a t   the   p o l y m e r   of  t he   f o r m e r   m e t h a c r y l i c   e s t e r  

can  be  w i d e l y   used   as  a  l i g h t   t r a n s m i s s i o n   medium.   Among 

the   a l i c y c l i c   h y d r o c a r b o n   g r o u p   h a v i n g   8  to  20  c a r b o n   a t o m s ,  

t h o s e   h a v i n g   at  l e a s t   10  c a r b o n   a t o m s   can  e f f e c t i v e l y   i n c -  

r e a s e   t he   h e a t   r e s i s t a n c e   of  t he   c o r e   p o l y m e r ,   w h i l e   t h o s e  

h a v i n g   l e s s   t h a n   7  c a r b o n   a t oms   do  not   s u f f i c i e n t l y   i n c r e a s e  

the   h e a t   r e s i s t a n c e   of  t he   p o l y m e r .   When  the   a l i c y c l i c  

h y d r o c a r b o n   g r o u p   has   more  t h a n   20  c a r b o n   a t o m s ,   the   m e c h a -  

n i c a l   p r o p e r t i e s   of  t he   p r o d u c e d   p o l y m e r   t e n d s   to  be  d e t e -  

r i o r a t e d .   A  p o l y m e r   of  a  m e t h a c r y l i c   e s t e r   the   e s t e r   m o i e t y  
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}f  which   is   a  l i n e a r   h y d r o c a r b o n   h a v i n g   8  or  more  c a r b o n  

atom,  f o r   e x a m p l e ,   n - o c t y l   m e t h a c r y l a t e   and  n - d o d e c y l   m e t h -  

a c r y l a t e   has  i n s u f f i c i e n t   h e a t   r e s i s t a n c e .  

In  t he   p r e s e n t   i n v e n t i o n ,   t h e   m e t h a c r y l i c   e s t e r  

may  be  c o p o l y m e r i   zed  w i t h   an  a l k y l   a c r y l a t e   in  wh ich   t h e  

a l k y l   g r o u p   has  1  to  4  c a r b o n   a t o m s .   To  i m p a r t   good  h e a t  

r e s i s t a n c e   to  t he   p o l y m e r ,   t he   c o n t e n t   of  the  a l k y l   a c r y l a t e  

s h o u l d   be  as  s m a l l   as  p o s s i b l e ,   p r e f e r a b l y   5  %  by  w e i g h t   o r  

l e s s   . 

The  c l a d d i n g   l a y e r   i s   made  of  a  t r a n s p a r e n t   r e s i n  

or  a  f l u o r o e l a s t o m e r   h a v i n g   a  r e f r a c t i v e   i n d e x   at  l e a s t   3  % 

s m a l l e r   t h a n   t h a t   of  the   c o r e   p o l y m e r .   When  the   r e f r a c t i v e  

i n d e x   of  the   c l a d d i n g   m a t e r i a l   is   s m a l l e r   t h a n   t h a t   of  t h e  

co re   m a t e r i a l   in  l e s s   t h a n   3  %,  t he   l i g h t   r e f l e c t i o n   by  t h e  

c l a d d i n g   l a y e r   is   s m a l l ,   and  the   a t t e n u a t i o n   of  l i g h t   t r a n s -  

m i s s i o n   is  g r e a t .   P r a c t i c a l l y ,   t h e   r e f r a c t i v e   i n d e x   of  t h e  

c l a d d i n g   l a y e r   is  1 . 4 2   or  l e s s .   P r e f e r a b l y   the   c l a d d i n g  

p o l y m e r i c   m a t e r i a l   is  no t   c r y s t a l l i n e   but   n e a r l y   a m o r p h o u s  

and  has  good  a d h e s i v e n e s s   to  the   c o r e   m a t e r i a l .  

E x a m p l e s   of  t he   t r a n s p a r e n t   r e s i n   and  the   f l u o r o -  

e l a s t o m e r   a r e   f  l u o r o r e s i n s   ,  t h e r m o p l a s t i c   f  l u o r o r u b b e r s   a n d  

f  l u o r o r u b b e r s   . 

S p e c i f i c   e x a m p l e s   of  the   f l u o r o r e s i n s   a re   a  f l u o -  

r i n e - c o n t a i n i n g   a c r y l i c   or  m e t h a c r y l i c   homo-  or  c o - p o l y m e r s  

c o m p r i s i n g   f l u o r o a l k y l   a - f   l u o r o a c r y l a t e   ,  a l k y l   a - f   l u o r o a c r y -  

l a t e ,   f l u o r o a l k y l   m e t h a c r y l a t e   and  t he   l i k e   and  a  f l u o r i n e -  
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c o n t a i n i n g   norno-  or  c o - p o l y m e r   c o m p r i s i n g   a  f  l u o r o o l e f   in  . 

Among  the   p o l y m e r s   c o m p r i s i n g   f l u o r o a l k y l   a - f   l u o r o a c r y l   a t e   , 

a l k y l   a - f l u o r o a c r y l a t e   or  f l u o r o a l k y l   m e t h a c r y l a t e ,   p r e f e r -  

red   a r e   t h o s e   c o m p r i s i n g   the   monomer   a  h o m o p o l y m e r   of  w h i c h  

has  a  s o f t e n i n g   p o i n t   of  a b o u t   50°C  or  h i g h e r   and  a  r e f r a c -  

t i v e   i n d e x   of  1 .43  or  l e s s .   S p e c i f i c   e x a m p l e s   of  t h e  

f l u o r o o l e f i n   p o l y m e r   a re   v i n y l i d e n e   f  l u o r i d e - t e t r a f l u o r o -  

e t h y l e n e   c o p o l y m e r s ,   t r i f   l u o r o e t h y l e n e - v i n y l i d e n e   f l u o r i d e  

c o p o l y m e r s ,   v i n y l i d e n e   f l u o r i d e -   t e t r a f   l u o r o e t h y l   e n e - h e x a -  

f  l u o r o p r o p e n e   t e r p o l y m e r s   and  the   l i k e .  

The  t h e r m o p l a s t i c   f  l u o r o r u b b e r s   are  p o l y m e r s   w h i c h  

c o m p r i s e   s o f t   s e g m e n t s   of  f l u o r i n e - c o n t a i n i n g   r u b b e r   a n d  

h a r d   s e g m e n t s   of  f l u o r i n e - c o n t a i n i n g   r e s i n s   and  can  b e  

p h y s i c a l l y   v u l c a n i z e d   in  the   p a r t   of  the   f l u o r i n e - c o n t a i n i n g  

r e s i n s   at  room  t e m p e r a t u r e   to  show  a  r u b b e r y   e l a s t i c i t y   a n d  

b e h a v e   as  t h e r m o p l a s t i c s   at  h i g h   t e m p e r a t u r e   o v e r   the  m e l t -  

ing  p o i n t .   An  example  of  the   t h e r m o p l a s t i c   f l u o r o r u b b e r   i s  

" D a i - e l "   ( t r a d e   ma rk )   t h e r m o p l a s t i c   m a n u f a c t u r e d   by  D a i k i n  

I n d u s t r i e s   L t d .  

E x a m p l e s   of  the  f l u o r o r u b b e r   a r e   v i n y l i d e n e   f l u o -  

ri  d e - h e x a f   l u o r o p r o p e n e   c o p o l y m e r s ,   v i n y l i d e n e   f l u o r i d e -  

p e n t a f   l u o r o p r o p e n e   c o p o l y m e r s ,   v i n y l i d e n e   f  l u o r i d e - c h l o r o -  

t r i f   l u o r o e t h y l e n e   c o p o l y m e r s   and  t he   l i k e .   Among  t h e m ,  

v i n y l i d e n e   f l u o r i   d e - h e x a f   l u o r o p r o p e n e   c o p o l y m e r s   a re   p r e f e r -  

red   . 
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E x a m p l e s   of  the   e s t e r   t y p e   t h e r m o p l a s t i c   e l a s t o m e r  

used  as  t he   p r o t e c t i v e   l a y e r   a c c o r d i n g   to  the   p r e s e n t   i n v e n -  

t i o n   a re   p o l y e s t e r - p o l y e s t e r   t y p e   c o p o l y m e r s   c o m p r i s i n g   h a r d  

s e g m e n t s   of  p o l y b u t y l e n e   t e r e p h t h a l a t e   and  s o f t   s e g m e n t s   o f  

an  a l i p h a t i c   p o l y e s t e r   ( f o r   e x a m p l e ,   P e l p r e n e   ( t r a d e   m a r k )  

m a n u f a c t u r e d   by  T o y o b o   C o . ,   L t d . )   and  p o l y e s t e r - p o l y e t h e r  

type   c o p o l y m e r s   c o m p r i s i n g   h a r d   s e g m e n t s   of  p o l y b u t y l e n e  

t e r e p h t h a l a t e   and  s o f t   s e g m e n t s   of  p o l y e t h e r   ( f o r   e x a m p l e ,  

H y t r e l   ( t r a d e   mark )   m a n u f a c t u r e d   by  T o r a y - d u   Pon t   C o . ,  

L t d . ) .   Among  t he   e s t e r   t y p e   t h e r m o p l a s t i c   e l a s t o m e r ,   t h o s e  

h a v i n g   a  m e l t i n g   p o i n t   or  a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   o f  

120  to  2 6 0 ° C ,   p a r t i c u l a r l y   200  to  260°C  are   p r e f e r r e d .  

S i n c e   t he   p r o t e c t i v e   l a y e r   has  no  i n f l u e n c e   on  t he   l i g h t  

t r a n s m i s s i o n   p r o p e r t y   of  t h e   o p t i c a l   c a b l e ,   i t   may  c o n t a i n  

s u i t a b l e   a d d i t i v e s   s u c h   as  c a r b o n   b l a c k ,   g l a s s   f i b e r ,   t a l c ,  

c a l c i u m   c a r b o n a t e ,   m i c a ,   c a l c i u m   t i t a n a t e   and  t he   l i k e   in  a n  

amount   of  1  to  30  ?  by  w e i g h t .  

As  d e s c r i b e d   in  t he   a b o v e ,   t h e   o p t i c a l   c a b l e   of  t h e  

p r e s e n t   i n v e n t i o n   p r e f e r a b l y   has  a  d e g r e e   of  t h e r m a l  

s h r i n k a g e   of  5  %  or  l e s s .   More  p r e f e r a b l y ,   i t   has  a  d e g r e e  

of  t h e r m a l   s h r i n k a g e   of  3  *  or  l e s s ,   most   p r e f e r a b l y   1  *  o r  

l e s s   . 

The  p o l y m e r s   to  be  u s e d   as  the  co r e   and  the   c l a d d -  

ing  l a y e r   may  be  p r e p a r e d   by  any  one  of  per   se  c o n v e n t i o n a l  

p o l y m e r i z a t i o n   p r o c e d u r e s .  
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in  s u s p e n s i o n   p o l y m e r i z a t i o n   of  the  c o r e   p o l y m e r ,  

s i n c e   a  l a r g e   amoun t   of  w a t e r   is  u s e d ,   f o r e i g n   p a r t i c l e s  

t e n d   to  be  i n c l u d e d   in  the   p o l y m e r .   F u r t h e r ,   t he   f o r e i g n  

p a r t i c l e s   may  be  i n c l u d e d   in  the   p o l y m e r   in  a  d e h y d r a t i o n  

s t e p .   T h u s ,   t he   monomer   and  the   p o l y m e r i z a t i o n   medium  a r e  

p r e f e r a b l y   p u r i f i e d   by  a  c o n v e n t i o n a l   m e t h o d   s u c h   as  f i l t -  

r a t i o n   or  d i s t i l l a t i o n   to  e l i m i n a t e   t he   f o r e i g n   p a r t i c l e s  

and  used   f o r   p o l y m e r i z a t i o n .   A l t e r n a t i v e l y ,   the   co r e   p o l y -  

mer  may  be  p r e p a r e d   by  b u l k   p o l y m e r i z a t i o n .   In  t h i s   c a s e ,  

the   p o l y m e r   is   p r e p a r e d   by  a  c o n t i n u o u s   me thod   c o m p r i s i n g  

s t e p s   of  c o n t i n u o u s   b u l k   p o l y m e r i z a t i o n   at  h i g h   t e m p e r a t u r e  

and  of  s u b s e q u e n t   c o n t i n u o u s   e l i m i n a t i o n   of  v o l a t i l e   m a t e -  

r i a l s   such  as  u n r e a c t e d   m o n o m e r ( s )   f rom  the  p o l y m e r i z a t i o n  

p r o d u c t   . 

The  p o l y m e r i z a t i o n   of  the   c o r e   p o l y m e r   and  t h e  

a p p l i c a t i o n   of  the   c l a d d i n g   l a y e r   a re   p r e f e r a b l y   c a r r i e d   o u t  

c o n t i n u o u s l y   to  a v o i d   the   c o n t a m i n a t i o n   w i t h   f o r e i g n  

p a r t i c l e s ,   a l t h o u g h   t h e s e   two  s t e p s   a r e   not   n e c e s s a r i l y  

c o n t i n u o u s l y   c a r r i e d   o u t .  

P r e f e r a b l y ,   the   c l a d d i n g   p o l y m e r   is  p r e p a r e d   by 

s u s p e n s i o n   or  b u l k   p o l y m e r i z a t i o n .   S i n c e   the  p o l y m e r i z a t i o n  

c o n d i t i o n s   f o r   t he   c l a d d i n g   p o l y m e r   has  l e s s   i n f l u e n c e   on  

the   l i g h t   t r a n s m i s s i o n   of  the   o p t i c a l   f i b e r   t h a n   t h o s e   f o r  

the   c o r e   p o l y m e r ,   g r e a t   c a r e   as  t a k e n   in  the  p r e p a r a t i o n   o f  

the   co r e   p o l y m e r   is  not   n e e d e d .   The  p o l y m e r i z a t i o n   can  b e  

c a r r i e d   ou t   by  t a k i n g   c a r e   to  p r e v e n t   the   c o n t a m i n a t i o n   w i t h  
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i o r e i g n   p a r t i c l e s ,   i f   n e c e s s a r y ,   the   f o r e i g n   p a r t i c l e s  

a r e   r e m o v e d   f rom  the   m o n o m e r ( s )   by,  f o r   e x a m p l e ,   f i l t r a t i o n .  

In  one  of  the   p r e f e r r e d   e m b o d i m e n t s ,   the   o p t i c a l  

f i b e r   is   f a b r i c a t e d   f rom  the   c o r e   and  c l a d d i n g   p o l y m e r s   b y  

c o - e x t r u d i n g   them  and  s p i n n i n g   t he   i n t e g r a t e d   m a t e r i a l   ( i . e .  

the  so  c a l l e d   c o m p o s i t e   s p i n n i n g   m e t h o d ) .  

For   f a b r i c a t i o n   of  the   o p t i c a l   c a b l e   of  t h r e e  

l a y e r e d   s t r u c t u r e   h a v i n g   the   c o r e ,   the   c l a d d i n g   l a y e r   a n d  

the   p r o t e c t i v e   l a y e r ,   t h e r e   a r e   s e v e r a l   m e t h o d s .   One  o f  

them  c o m p r i s e s   c o a t i n g   t he   e s t e r   t y p e   t h e r m o p l a s t i c   e l a s t o -  

mer  o v e r   t he   o p t i c a l   f i b e r   ( b a r e   f i b e r )   to  form  t h e  

p r o t e c t i v e   l a y e r   in  a  s i m i l a r   m a n n e r   as  c o a t i n g   a  t h e r m o -  

p l a s t i c   r e s i n   o v e r   an  e l e c t r i c a l   c o n d u c t o r .   A n o t h e r   m e t h o d  

c o m p r i s e s   c o - e x t r u d i n g   the  c o r e   p o l y m e r ,   the   c l a d d i n g   p o l y -  

mer  and  t he   e s t e r   t y p e   t h e r m o p l a s t i c   e l a s t o m e r   in  m e l t  

s t a t e s   f rom  a  s p e c i a l l y   d e s i g n e d   d i e   to  form  the   c a b l e   o f  

t h r e e   l a y e r e d   s t r u c t u r e   ( i . e .   the  so  c a l l e d   c o m p o s i t e   s p i n n i n g  

m e t h o d ) .   In  t he   c o m p o s i t e   s p i n n i n g   m e t h o d ,   a  c o m p o s i t e  

s p i n n i n g   a p p a r a t u s   c o m p r i s i n g   t h r e e   m e l t   e x t r u d e r s   each   f o r  

the   c o r e   p o l y m e r ,   f o r   the   c l a d d i n g   p o l y m e r   and  f o r   t h e  

e l a s t o m e r   of  the   p r o t e c t i v e   l a y e r .   The  c o r e   p o l y m e r   i s  

m o l t e n   in  t he   m e l t   e x t r u d e r   and  q u a n t i t a t i v e l y   s u p p l i e d   to  a 

s p i n n i n g   head   by  a  m e t e r i n g   pump.  S i m i l a r l y ,   t he   c l a d d i n g  

p o l y m e r   and  t he   e l a s t o m e r   of  the   p r o t e c t i v e   l a y e r   a r e   m o l t e n  

and  s u p p l i e d   to  t he   s p i n n i n g   h e a d .   By  a  s p i n n e r e t   in  t h e  

s p i n n i n g   h e a d ,   t h r e e   p o l y m e r s   a r e   f o r m e d   i n t o   a  t h r e e  
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l a y e r e d   s t r u c t u r e   and  d e l i v e r e d .   Then ,   i t   is  c o o l e d   a n d  

wound  up.  O p t i o n a l l y ,   i t   is  s t r e t c h e d   or  a n n e a l e d .   T h i s  

Tiethod  is   p a r t i c u l a r l y   u s e f u l ,   s i n c e   i t   c o n s u m e s   l e s s   e n e r g y  
and  l a b o r   and  can  p r o d u c e   a  wide  v a r i e t y   of  the   o p t i c a l  

c a b l e s   h a v i n g   v a r i o u s   d i a m e t e r s .  

In  the   o p t i c a l   c a b l e   of  the   p r e s e n t   i n v e n t i o n ,   t h e  

d i a m e t e r   of  the   c o r e   or  t h i c k n e s s   of  the   c l a d d i n g   l a y e r   a n d  

the  p r o t e c t i v e   l a y e r   may  be  d e t e r m i n e d   a c c o r d i n g   to  t h e  

s p e c i f i c   end  use  of  the   o p t i c a l   c a b l e   and  c o n t r o l l e d   b y  

a d j u s t i n g   d i a m e t e r   and  l e n g t h   of  the  o r i f i c e   of  t h e  

s p i n n e r e t .   In  v iew  of  h e a t   r e s i s t a n c e   and  m e c h a n i c a l  

p r o p e r t i e s   of  the   o p t i c a l   c a b l e ,   p r e f e r a b l y   ,  the  d i a m e t e r   o f  

:he  b a r e   f i b e r   c o n s i s t i n g   of  the   c o r e   and  the  c l a d d i n g   l a y e r  

is  100  to  1 , 1 0 0   m i c r o m e t e r s   and  the   t h i c k n e s s   of  t h e  

p r o t e c t i v e   l a y e r   is  100  to  1 , 0 0 0   m i c r o m e t e r s .  

P r a c t i c a l   and  p r e s e n t l y   p r e f e r r e d   e m b o d i m e n t s   o f  

:he  p r e s e n t   i n v e n t i o n   a r e   shown  in  the   f o l l o w i n g   e x a m p l e s ,  

- / h e r e i n   p a r t s   and  %  a re   by  w e i g h t   u n l e s s   o t h e r w i s e  

.nd i   c a t e d   . 

In  t h e s e   e x a m p l e s ,   the   a t t e n u a t i o n   of  l i g h t   t r a n s -  

l i s s i o n   was  m e a s u r e d   by  means  of  a  t r a n s m i s s i o n   l o s s   m e a s u r -  

e s   a p p a r a t u s   (Type  F P - 8 8 9   m a n u f a c t u r e d   by  O p e l e x   Co . ,   L t d . )  

is  f o l l o w s :  

U s i n g   a  d i f f r a c t i o n   g r a t i n g   s p e c t r o p h o t o m e t e r   i n  

r t i ich  a  h a l o g e n - t u n g s t e n   lamp  was  e m p l o y e d   as  an  i l l u m i n a n t ,  

n t e n s i t i e s   of  the  o u t p u t s   f rom  the  o p t i c a l   c a b l e   to  b e  
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: e s t e d   and  f rom  the   s t a n d a r d   o p t i c a l   c a b l e   at  a  w a v e l e n g t h  

Df  650  nra  were   r e a d   o f f   by  means  of  a  s i l i c o n e   p h o t o d i o d e .  

rhe  a t t e n u a t i o n   of  l i g h t   t r a n s m i s s i o n   (a)   was  c a l c u l a t e d  

a c c o r d i n g   to  the   f o l l o w i n g   e q u a t i o n :  

-10  I  
a  (dB/Km)  =  log  (  ) 

L  IQ 

w h e r e i n   L  is  t he   l e n g t h   of  t he   o p t i c a l   c a b l e   (Km),  IQ  is  t h e  

i n t e n s i t y   of  l i g h t   at  the   e n t r a n c e   and  I  is  the   i n t e n s i t y   o f  

l i g h t   at  t he   e x i t .   The  s m a l l e r   is  a ,   the   b e t t e r   is  t h e  

l i g h t   t r a n s m i s s i o n   of  the   o p t i c a l   c a b l e .  

The  d e g r e e   of  t h e r m a l   s h r i n k a g e   was  m e a s u r e d   a n d  

e x p r e s s e d   as  d e s c r i b e d   in  the   a b o v e .  

The  h e a t   r e s i s t a n c e   of  t he   o p t i c a l   c a b l e   w a s  

e v a l u a t e d   by  h e a t i n g   i t   at  a  p r e d e t e r m i n e d   t e m p e r a t u r e   f o r   a  

p r e d e t e r m i n e d   p e r i o d   of  t ime   and  c o m p a r i n g   the   o p t i c a l  

t r a n s m i s s i o n   l o s s   b e f o r e   and  a f t e r   h e a t i n g .  

The  r e p e a t e d   f l e x u r a l   t e s t   was  c a r r i e d   out  by  

b e n d i n g   the   o p t i c a l   c a b l e   a r o u n d   a  c y l i n d e r   of  10  mm  i n  

d i a m e t e r   at  an  a n g l e   of  180°  and  o b s e r v i n g   the   a p p e a r a n c e   o f  

the  c a b l e   a f t e r   3 0 , 0 0 0   t i m e s   of  b e n d i n g .  
« 

E x a m p l e   1 

(a )   P u r i f i e d   w a t e r   ( d e i o n i z e d   w a t e r   f i l t e r e d  

t h r o u g h   a  f i l t e r   h a v i n g   a  po re   s i z e   of  0 .2   m i c r o m e t e r )   ( 5  

kg)  c o n t a i n i n g ,   as  a  s u s p e n s i o n   s t a b i l i z e r ,   d i s s o l v e d  

h y d r o x y e t h y l c e l l u l o s e   ( 0 . 5   %)  ,  s o d i u m   p o l y m e t h a r y l a t e   ( 0 . 0 2 5  

%)  and  s o d i u m   d i h y d r o g e n p h o s p h a t e   ( 0 . 4   %)  was  f i l t e r e d  
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.0  „  aAAe  OA  u>i0   m i c r o m e t e r   a n d  
c h a r g e d   i n t o   a  10  l i t e r   s t a i n l e s s   s t e e l   r e a c t o r   e q u i p p e d  
f i t h   a  s t i r r e r .  

To  a  m o n o m e r i c   m i x t u r e   (3  kg)  c o n s i s t i n g   of  79  % 
>f  m e t h y l   m e t h a c r y l a t e ,   1  %  of  m e t h y l   a c r y l a t e   and  20  J  o f  
>ornyl   m e t h a c r y l a t e   a l l   of  wh ich   had  been  p u r i f i e d   by  d i s t i -  
• l a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   0 . 3 0   %  of  n-  d o d e c y l m e r c a p t a n  
ind  0 . 3 0   %  of  l a u r o y l   p e r o x i d e   were   a d d e d   and  d i s s o l v e d ,  

hen ,   t h e   m i x t u r e   was  f i l t e r e d   t h r o u g h   a  f i l t e r   h a v i n g   a 
>ore  s i z e   of  0 . 1 0   m i c r o m e t e r   and  c h a r g e d   i n t o   the   a b o v e  
e a c t o r   and  p o l y m e r i z e d   at  83°C  w i t h   s t i r r i n g   at  650  r p m .  
f t e r   a b o u t   one  h o u r ,   the   t e m p e r a t u r e   r o s e   to  86CC 

u t o g e n o u s l y   and  t h e n   to  105°C  w i t h   an  o u t e r   h e a t e r .   A t  
ha t   t e m p e r a t u r e ,   the   r e a c t i o n   was  c o n t i n u e d   f o r   30  m i n u t e s  
o l l o w e d   by  c o o l i n g .  

The  p r o d u c e d   p o l y m e r   p a r t i c l e s   were  w a s h e d   w i t h  
a t e r   and  d e w a t e r e d .   T h e n ,   t h e y   were   c h a r g e d   in  h i g h l y   p u r e  
a t e r   to  r e p e a t   w a s h i n g .   T h e r e a f t e r ,   t h e y   a r e   s u b j e c t e d   t o  
I t r a s o n i c   t r e a t m e n t   at  a  f r e q u e n c y   of  24  KHz  ( o u t p u t ,   3 0 0  

;  M F - 3 0 0 - 2 0   t y p e   m a n u f a c t u r e d   by  N i p p o n   S e i k i )   f o r   30 
i n u t e s   t h r e e   t i m e s .   The  p o l y m e r   p a r t i c l e s   were  a g a i n  
a s h e d   w i t h   w a t e r ,   d e w a t e r e d   and  d r i e d   at   110°C  u n d e r   r e d u -  
sd.  p r e s s u r e   f o r   10  h o u r s   to  o b t a i n   the   p o l y m e r .   I n t r i n s i c  

L s c o s i t y   [n]   =  0 . 6 0   d l / g   ( i n   c h l o r o f o r m ,   25  °C) .   R e f r a c -  
i-  ve  i n d e x   =  1 . 4 9 .  

The  o b t a i n e d   p o l y m e r   was  s u p p l i e d   as  the  c o r e  
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m a t e r i a l   to  the   c o m p o s i t e   s p i n n i n g   head   k e p t   at  235°C  by  a  

b e n t   e x t r u d e r   h e a t e d   at  2 2 0 ° C .  

(b)  A  m o n o m e r i c   m i x t u r e   of  2  ,  2  ,  3  »  3_  t e t r a f   l u o r o -  

p r o p y l   a - f   l u o r o a c r y l a t e   ,  m e t h y l   m e t h a c r y l a t e   and  m e t h y l  

a c r y l a t e   in  a  w e i g h t   r a t i o   of  8 7 : 1 0 : 3   a l l   of  which  had  b e e n  

p u r i f i e d   by  d i s t i l l a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   a  p o l y m e r i -  

z a t i o n   i n i t i a t o r   ( l a u r o y l   p e r o x i d e ,   0 .3   %  b a s e d   on  t h e  

w e i g h t   of  t h e   m o n o m e r i c   m i x t u r e )   and  a  c h a i n   t r a n s f e r   a g e n t  

( n - l a u r y l m e r c a p t a n   ,  0 . 3   %  b a s e d   on  t he   w e i g h t   of  t h e  

m o n o m e r i c   m i x t u r e )   we re   mixed   in  a  n i t r o g e n   a t m o s p h e r e   f r e e  

f rom  s u s p e n d e d   m a t e r i a l s   and  b u l k   p o l y m e r i z e d   at   60°C  f o r   2 

h o u r s .   The  o b t a i n e d   p o l y m e r   was  g r o u n d   to  o b t a i n   p a r t i c u -  

l a t e   p o l y m e r .   [n]   =  0 . 7 0   d l / g   ( i n   e t h y l   a c e t a t e ,   2 5 ° C ) .  

R e f r a c t i v e   i n d e x   =  1 . 4 1 .   M e l t   v i s c o s i t y   =  3  x  10^  p o i s e  

( 2 3 5 ° C )   . 

(c)   The  p a r t i c u l a t e   p o l y m e r   o b t a i n e d   in  t he   a b o v e  

s t e p   (b)  as  t he   c l a d d i n g   m a t e r i a l   and  an  e s t e r   t y p e   t h e r m o -  

p l a s t i c   e l a s t o m e r   ( P e l p r e n e   ( t r a d e   mark)   S-3001  m a n u f a c t u r e d  

by  T o y o b o   C o . ,   L t d . )   as  t he   p r o t e c t i v e   l a y e r   m a t e r i a l   w e r e  

c h a r g e d   i n t o   t he   c o m p o s i t e   s p i n n i n g   head   by  m e l t   s c r e w   e x t -  

r u d e r s   . 

The  c o r e   m a t e r i a l ,   t he   c l a d d i n g   m a t e r i a l   and  t h e  

p r o t e c t i v e   l a y e r   m a t e r i a l   in  m o l t e n   s t a t e   were  d i s c h a r g e d  

f rom  the   s p i n n e r e t   h a v i n g   a  n o z z l e   d i a m e t e r   of  3  mm  a t  

235  °C,  c o o l e d   to  s o l i d i f y   them  and  t h e n   drawn  and  wound  at   a  

r a t e   of  3  m / m i n .   to  o b t a i n   an  o p t i c a l   c a b l e   of  1.61  mm  i n  
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_   v ,ul lJ i01, j .u6  ui  ujie  c o r e   01  imm  in  d i a m e t e r ,  

the  c l a d d i n g   l a y e r   of  10  m i c r o m e t e r   in  t h i c k n e s s   and  t h e  

p r o t e c t i v e   l a y e r   of  0 .3   mm  in  t h i c k n e s s .  

M i c r o s c o p i c   o b s e r v a t i o n   of  the   c r o s s   s e c t i o n   o f  

the  o p t i c a l   c a b l e   r e v e a l e d   t h a t   the   c o r e ,   the   c l a d d i n g   l a y e r  
and  the   p r o t e c t i v e   l a y e r   f o r m e d   c o n c e n t r i c   c i r c l e s   a n d  

my  b u b b l e   or  f o r e i g n   m a t e r i a l   was  not  p r e s e n t .  

The  a t t e n u a t i o n   of  l i g h t   t r a n s m i s s i o n   of  the   o p t i -  
cal  c a b l e   at  room  t e m p e r a t u r e   and  a  w a v e l e n g t h   of  650  nm  w a s  
-20  dB/Km-  A f t e r   dry  h e a t i n g   the   o p t i c a l   c a b l e   at  120°C  f o r  
?40  h o u r s ,   the   a t t e n u a t i o n   was  230  dB/Km,  the   d e g r e e   o f  

d e r m a l   s h r i n k a g e   was  1.1  %  and  no  c r a c k   was  o b s e r v e d   in  t h e  

r e p e a t e d   f l e x u r a l   t e s t .  

E x a m p l e   2 

(a)   A  m o n o m e r i c   m i x t u r e   of  t r i   c y c l o [ 5   ,  2  ,  1  ,  02  •  6]  -  

l e c - 8 - y l   m e t h a c r y l a t e ,   m e t h y l   m e t h a c r y l a t e   and  m e t h y l   a c r y -  
a t e   in  a  w e i g h t   r a t i o   of  3 0 : 6 9 : 1   a l l   of  which   had  b e e n  

. u r i f i e d   by  d i s t i l l a t i o n   u n d e r   r e d u c e d   p r e s s u r e ,   a  s u s p e n -  
ion  s t a b i l i z e r   ( h y d r o x y e t h y l c e l l u l o s e ,   0 . 0 8   %  b a s e d   on  t h e  

' e i g h t   of  t he   monomer   m i x t u r e ) ,   l a u r o y l   p e r o x i d e   ( 0 . 3   % 

' a sed   on  the   w e i g h t   of  the  monomer   m i x t u r e ) ,   n - d o d e c y l -  

e r c a p t a n   as  a  c h a i n   t r a n s f e r   a g e n t   ( 0 . 1 6   %  b a s e d   on  t h e  

e i g h t   of  the  monomer   m i x t u r e )   and  w a t e r   wh ich   had  b e e n  

i l t e r e d   t h r o u g h   a  p o r o u s   f i l m   h a v i n g   a  p o r e   s i z e   of  0 . 1  

i c r o m e t e r   were   mixed   in  a  n i t r o g e n   a t m o s p h e r e   f r e e   f r o m  

o r e i g n   p a r t i c l e s   and  p o l y m e r i z e d   to  o b t a i n   a  bead  f o r m  



0 2 1 9 7 0 2  
-  16  -  

• o lymer   as  the  c o r e   m a t e r i a l .   [n]   =  0 . 7 0   ( i n   c h l o r o f o r m ,  

!5 °C) .   R e f r a c t i v e   i n d e x   =  1 . 4 9 .  

(b)  The  p o l y m e r   p r e p a r e d   in  s t e p   (a)  was  c h a r -  

ged  i n t o   an  e x t r u d e r   w i t h   a  ven t   h e a t e d   at  220°C  and  d i s -  

c h a r g e d   f rom  a  c e n t r a l   p o r t i o n   of  a  d o u b l e   e x t r u s i o n   n o z z l e  

<ept  at  210°C  to  fo rm  a  s t r a n d   of  7  mm  in  o u t e r   d i a m e t e r .  

S i m u l t a n e o u s l y ,   a  t e r p o l y m e r   of  2  ,  2  ,  3  ,  3 - t e t r a f   l u o r o p r o p y l  

n e t h a c r y l a t e   ,  m e t h y l   m e t h a c r y l a t e   and  m e t h y l   a c r y l a t e   in  a  

w e i g h t   r a t i o   of  8 7 : 1 0 : 3   ( r e f r a c t i v e   i n d e x ,   1 . 4 1 ;   m e l t   v i s -  

c o s i t y ,   3  x  103  p o i s e   at  210°C)   was  m e l t   c o a t e d   o v e r   t h e  

d i s c h a r g e d   s t r a n d   of  the  c o r e   p o l y m e r   and  drawn  to  o b t a i n   a  

s t r a n d   h a v i n g   a  c o r e - c l a d d i n g   s t r u c t u r e   of  1  mm  in  o u t e r .  

The  t h i c k n e s s   of  the   c l a d d i n g   l a y e r   was  10  m i c r o m e t e r s .  

A t t e n u a t i o n   of  l i g h t   t r a n s m i s s i o n   of  the   p r o d u c e d  

o p t i c a l   f i b e r   at   a  w a v e l e n g t h   of  650  nm  was  220  dB/Km  b o t h  

at  25°C  and  9 0 ° C .  

(c)   Over   t h e   o p t i c a l   f i b e r   p r o d u c e d   in  s t e p  

( b ) ,   t he   same  e s t e r   t y p e   t h e r m o p l a s t i c   e l a s t o m e r   as  u sed   i n  

E x a m p l e   1  h e a t e d   a t   216°C  was  c o a t e d   a t   a  r a t e   of  50  m / m i n .  

by  means   of  an  e x t r u d e r   to  form  a  f l e x i b l e   o p t i c a l   c a b l e   o f  

2 .2   mm  in  o u t e r   d i a m e t e r .  

A f t e r   dry   h e a t i n g   the   o p t i c a l   c a b l e   at  120°C  f o r  

240  h o u r s ,   t h e   a t t e n u a t i o n   of  l i g h t   t r a n s m i s s i o n   was  2 5 0  

dB/Km,  the   d e g r e e   of  t h e r m a l   s h r i n k a g e   was  1.2  %  and  n o  

c r a c k   was  o b s e r v e d   in   the   r e p e a t e d   f l e x u r a l   t e s t .  

E x a m p l e s   3 - 4   and  C o m p a r a t i v e   E x a m p l e s   1  -  2 
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iJ1  uuc  m a n n e r   as  in  t x a m p l e   1  but   u s i n g   t h e  

monomers   as  shown  in  T a b l e   1,  an  o p t i c a l   c a b l e   w a s  

p r o d u c e d .   As  shown  in  T a b l e   1,  t he   o p t i c a l   c a b l e s   of  t h e  

p r e s e n t   i n v e n t i o n   ( E x a m p l e s   3  and  4)  had  good  l i g h t   t r a n s -  

m i s s i o n ,   t h e r m a l   s h r i n k a g e   and  r e p e a t e d   f l e x u r a l   p r o p e r t y  
a f t e r   b e i n g   h e a t e d   at  120°C  f o r   240  h o u r s ,   w h i l e   t h o s e   o f  

: o m p a r a t i v e   E x a m p l e s   were  poor   in  at  l e a s t   one  of  a t t e n u a -  

t i o n   of  l i g h t   t r a n s m i s s i o n ,   d e g r e e   of  t h e r m a l   s h r i n k a g e   a n d  

r e p e a t e d   f l e x u r a l   p r o p e r t y   a f t e r   b e i n g   dry  h e a t e d   at  1 2 0 ° C  

"or  240  h o u r s .  
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uiic  u p u i w i   c a o i e   01  tine  p r e s e n t   i n v e n t i o n  

can  be  used   even  at  a  t e m p e r a t u r e   h i g h e r   t h a n   80°C,   p a r t i c u -  

l a r l y   h i g h e r   t h a n   110°C ,   i t   can  be  u s e d   in  a u t o m o b i l e s ,  

v e s s e l s ,   a i r   c r a f t s ,   r o b o t s   and  the   l i k e .   In  a d d i t i o n ,   t h e  

o p t i c a l   c a b l e   of  the   p r e s e n t   i n v e n t i o n   f i n d s   w i d e r   a p p l i c a -  

t i o n   f o r   c o m m u n i c a t i o n s   in  or  b e t w e e n   b u i l d i n g s  

s i n c e   i t   is  u s a b l e   in  a  wider  t e m p e r a t u r e   r a n g e   t h a n   t h e  

c o n v e n t i o n a l   o p t i c a l   c a b l e .  

The  o p t i c a l   c a b l e   of  the   p r e s e n t   i n v e n t i o n   h a s  

s e t t e r   f l e x i b i l i t y   t h a n   the   c o n v e n t i o n a l   o p t i c a l   c a b l e .  
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CLAIMS 

1.  A  p l a s t i c   o p t i c a l   c a b l e   c o m p r i s i n g   a  c o r e ,   a 

c l a d d i n g   l a y e r   and  a  p r o t e c t i v e   l a y e r   made  of  an  e s t e r   t y p e  

D h e r m o p l a s t i   c  e l a s t o m e r .  

2.  The  p l a s t i c   o p t i c a l   c a b l e   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   t he   e s t e r   t y p e   t h e r m o p l a s t i c   e l a s t o m e r   i s  

a  c o p o l y m e r   c o m p r i s i n g  

ha rd   s e g m e n t s   of  p o l y b u t y l e n e   t e r e p h t h a l a t e   and  s o f t   s e g -  

ments   of  a l i p h a t i c   p o l y e s t e r   or   a  c o p o l y m e r   c o m p r i s i n g   h a r d  

s e g m e n t s   of  p o l y b u t y l e n e   t e r e p h t h a l a t e   and  s o f t   s e g m e n t s   o f  

a l i p h a t i c   p o l y e t h e r .  

3.  The  p l a s t i c   o p t i c a l   c a b l e   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   t he   c o r e   is   made  of  a  p o l y m e r   c o m p r i s i n g   m e t h y l  

m e t h a c r y l a t e   c o n t a i n i n g   3  to  40  %  by  w e i g h t   of  a  m e t h a c r y l i c  

e s t e r   t he   e s t e r   m o i e t y   of  w h i c h   has  a  a l i c y c l i c   h y d r o c a r b o n  

g roup   of  8  to  20  c a r b o n   a t o m s .  

4.  The  p l a s t i c   o p t i c a l   c a b l e   a c c o r d i n g   to  c l a i m   1 ,  

which   has  a  d e g r e e   of  t h e r m a l   s h r i n k a g e   of  5  *  or  l e s s   a f t e r  

b e i n g   dry  h e a t e d   at   120°C  f o r   240  h o u r s .  
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